The overcurrent and overvoltage of the rotor side converter are mainly caused by the transient component of the stator flux under the grid symmetrical fault. A virtual transient flux linkage control method is proposed in this paper, which is based on the analysis of the electromagnetic transient characteristics of doubly fed induction generator (DFIG). Compared with the traditional demagnetization control method, the proposed method does not require the flux linkage observation, extraction and fault switch module. Simulation results show that the rotor voltage could be effectively limited and the transient process can be shortened, and the capability of low voltage ride through (LVRT) of the DFIG is enhanced with the proposed method.
INTRODUCTION
The doubly fed induction generator (DFIG) is widely used in wind power generation system because of its advantages such as small capacity, low cost, high efficiency and variable speed constant frequency operation. However, the doubly fed wind power generation system is extremely sensitive to the grid fault. And it is caused by the characteristics of DFIG such as that the capacity of the converter is at 30% rated capacity and the stator is directly connected to the grid [1] . In order to meet the increasingly stringent requirements of the grid, DFIG must have the ability of low voltage ride through (LVRT) to ensure normal operation ___________________________ under certain grid fault conditions. To solve this problem, improving control algorithm and adding hardware device are the main research directions. The most widely used approach is the crowbar protection circuit [2] . Although it can effectively restrain the rotor overcurrent and DC overvoltage, the DFIG turns into a traditional squirrel cage motor. It absorbs great deal of reactive power from the grid, and the fault recovery process will further deteriorate. In addition, some scholars bring forward dynamic voltage restorer (DVR) and static compensator (STATCOM) [3] which could effectively protect converter and provide reactive power support.
Compared with the hardware solution, the improved control algorithm is to achieve DFIG fault ride through without adding the hardware. Vector control (VC) is the widely used control method, which has exerted a good effect in practice. At present, vector control based on stator flux orientation (SFO) [4] and stator voltage orientation (SVO) [5] is widely used at home and abroad. It is generally assumed that the dynamic process of the stator magnetization current is not taken into account in the ideal grid voltage condition. This control mode provides good static and dynamic characteristics under normal operating conditions, but its control performance will deteriorate under grid disturbance. In [6] , the stator flux differential term is added to the rotor voltage reference value to counteract the effect of the disturbance. In [7] , the rotor current reference value contains only the positive sequence component, a large stator flux transient component and negative sequence component compensation control are introduced in the fault state to limit the rotor terminal voltage, but it needs flux linkage observation and separation module. In [8] , a method is proposed using rotor flux leakage to counteract stator flux transient and negative sequence components of the demagnetization control strategy, but it also needs flux linkage observation and separation module. In [9] , the inductance-emulating control strategy is proposed effectively to suppress the rotor side converter overcurrent and overvoltage and electromagnetic torque fluctuation, but it also needs the flux linkage observation module. Virtual inductance transient self-demagnetization algorithm is proposed in [10] , without the transient flux linkage observation technology, but virtual inductance value is difficult to set. This paper firstly analyzes the electromagnetic transient characteristics of DFIG in the grid voltage fault. The overcurrent and overvoltage of the rotor side converter are caused mainly by the stator flux transient component, and a virtual transient flux linkage control method is proposed. This method does not require flux linkage observation, separation device and fault switch module. Furthermore, it can accelerate the decay of the transient stator flux and improve the system capacity of LVRT.
DYNAMIC ANALYSIS ON DFIG

DFIG Model
All parameters of the rotor side of DFIG are referred to the stator, and both stator and rotor side adopt the motor convention. In two-phase stationary coordinate system, the stator and rotor voltage equations are expressed as 
where m L is mutual inductance, s L is stator inductance, and r L is rotor inductance.
According to (1) and (2), the rotor voltage is expressed as
is leakage inductance coefficient.
From (3), it can be seen that the rotor side voltage is composed of two parts: the induced electromotive force associated with the stator flux linkage and voltage drop of rotor current on rotor circuit impedance.
Transient Characteristics under Grid Fault
The stator voltage amplitude is a constant and the space vector rotate at the speed of synchronous angular frequency 1 ω . Assuming that the three-phase voltage of the grid drops to 
According to (1) and (2), the differential equation of stator flux can be expressed as
(6) In order to simplify the analysis, without considering the influence of the rotor current on the stator flux linkage, it is easy to obtain the result by solving the differential equation (1 ) (1 )
Where r e is the rotor induced electromotive force, and s is the slip rate. By substituting (10) into (11), the expression of the virtual transient flux is transformed into
It is assumed that the virtual transient flux linkage is only generated by the rotor current, and the rotor transient reference current can be expressed as 
Considering the influence of the rotor current, according to (6) , the differential equation of the stator transient flux is 
Implementation of the Control System
The structure of the virtual transient flux linkage is shown in Figure 2 . 
IMPLEMENTATION OF ROTOR CURRENT CLOSED LOOP CONTROL
The total reference value of the rotor current is made up of a given reference current and the virtual transient flux compensation current, and the feedback value is the actual current of the rotor. Closed loop control of the rotor current is achieved by means of the PI controller with the addition of the decoupling term and the compensation term.
EXTRACTION OF TRANSIENT CURRENT
The steady-state component of stator and rotor current in the two-phase dq rotating coordinate system is 0Hz and the transient component is 50Hz. The transient components of the stator and rotor current can be separated and extracted by a notch filter with a resonant frequency of 50Hz, and the notch filter function is 
whereω is resonant frequency, and ξ is damping factor. The resonant frequency is 50Hz, and the stability of the system is considered in the actual control system, in general A. The maximum current allowed in the rotor side converter is twice of the rated current。 Figure 3 and Figure 4 show that three phase symmetrical drop occurs at 0.8s of the grid voltage, drop depth is 50%, and fault duration is 600ms. Rotor side converter respectively adopts conventional vector control method and virtual transient flux linkage method. Figure 3 is the simulation waveform of DFIG which adopts conventional vector control in the fault state. Figure 3 
